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Abstract
Background: Informed consent (IC) has been an international standard for decades for the ethical conduct of clinical trials.
Yet frequently study participants have incomplete understanding of key issues, a problem exacerbated by language barriers
or lack of familiarity with research concepts. Few investigators measure participant comprehension of IC, while even fewer
conduct interim assessments once a trial is underway.
Methods and Findings: We assessed comprehension of IC using a 20-question true/false quiz administered in 6-month
intervals in the context of a placebo-controlled, randomized trial for the prevention of tuberculosis among HIV-infected
adults in Botswana (2004–2009). Quizzes were offered in both Setswana and English. To enroll in the TB trial, participants
were required to have $16/20 correct responses. We examined concepts understood and the degree to which
understanding changed over three-years. We analyzed 5,555 quizzes from 1,835 participants. The participants’ highest
education levels were: 28% primary, 59% secondary, 9% tertiary and 7% no formal education. Eighty percent of participants
passed the enrollment quiz (Quiz1) on their first attempt and the remainder passed on their second attempt. Those having
higher than primary education and those who took the quiz in English were more likely to receive a passing score on their
first attempt (adjusted odds ratios and 95% confidence intervals, 3.1 (2.4–4.0) and 1.5 (1.2, 1.9), respectively). The trial’s
purpose or procedures were understood by 90–100% of participants, while 44–77% understood randomization, placebos, or
risks. Participants who failed Quiz1 on their initial attempt were more likely to fail quizzes later in the trial. Pass rates
improved with quiz re-administration in subsequent years.
Conclusions: Administration of a comprehension quiz at enrollment and during follow-up was feasible in a large,
international collaboration and efficiently determined IC comprehension by trial participants. Strategies to improve
understanding of concepts like placebos and randomization are needed. Comprehension assessments throughout a study
may reinforce key concepts.
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The protection of human subjects in medical research is a
fundamental concern of bioethics. Informed consent is one means
of providing such protection. Through the delivery of key study
information, informed consent allows potential participants, based
on their own values, to decide which risks, benefits, and
procedures are acceptable to them. While informed consent is
expected to be a dialogue between researcher and potential
participant, consent information is typically provided through a
written consent form as well, which is also used to document the
participant’s agreement to enroll in the study.
While informed consent documents are useful as a means of
standardizing information, research participants in multiple
settings and in multiple studies have been shown to have
incomplete or inaccurate understanding of many facets of
information provided through the informed consent process [1–
5]. Unfamiliar terms such as randomization and placebo are
particularly hard to understand [6–9], as are concepts related to
risks [10,11], benefits [12–14], and the freedom to withdraw from
the study [15–18]. Additionally it has been shown that many trial
participants are unaware that they are enrolled in research [18–
20]. Incomplete and/or inaccurate understanding has been
attributed to several factors, including unfamiliarity with research,
low levels of education, hopes for clinical benefit, and problems
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such problems exist in both developed and developing country
contexts, they may be amplified in international settings where
language barriers or lack of familiarity with research itself may
make understanding of research concepts harder to achieve
[3,25–27].
Further hampering research understanding is the decrease in
the ability to remember study information over time [28–31]. As
such, the Council for International Organizations of Medical
Sciences (CIOMS) international ethical guidelines for research
emphasizes the continuous nature of informed consent [32]. It is
unclear whether the investigators of longitudinal studies review
important information with trial participants after studies have
begun [29], and we are not aware of any regulations or guidelines
that formally require this in longitudinal projects [29,33]. The
difficulty of ensuring adequate comprehension of study informa-
tion has led some investigators to recommend that participants’
understanding be assessed after consent discussions have occurred,
but prior to enrollment [11,34–36]. While researchers report
believing that testing understanding is important, limited evidence
suggests that only a minority of researchers actually engage
formally in an assessment process [37–40]. A small number of
investigators have published findings from attempts to measure
participants’ understanding prior to enrollment, with an even
smaller number having conducted interim assessments once
research is underway [36,41,42].
A clinical trial conducted in Botswana from 2004–2009
provided an opportunity to examine how well participants
understood study information when first told about the study,
and to measure their understanding over time. The Isoniazid
Prevention Therapy (IPT) trial, part of an ongoing collaboration
between the U.S. Centers for Disease Control and Prevention
(CDC) and the Botswana Ministry of Health, was a randomized,
double-blind, placebo-controlled study of limited (6 months) vs.
continuous (36 months) IPT among HIV-infected persons $18
years of age. This three-year study allowed investigators to detect
any differences in rates of active TB incidence between the two
study arms. Participation involved monthly clinic visits over the 36
months. The informed consent form for the trial was first
developed in English by study investigators, translated into
Setswana, and back-translated into English to ensure consistency
of meaning.
In an effort to ensure that participants adequately understood
study information, investigators developed a 20 item true/false
comprehension quiz to administer following the informed consent
discussion, but prior to enrollment. To be able to join the study,
participants had to be able to answer at least 16 of the 20 items
correctly on the quiz. Potential participants who failed further
discussed the protocol with study nurses, and were then allowed to
repeat the quiz. Those who failed the quiz twice were not allowed
to enroll in the clinical trial.
This manuscript reports on the analysis of the comprehension
quiz data. Specifically, we examined the extent to which
participants obtained a passing quiz score at enrollment, factors
associated with passing or failing scores, likelihood of retaining
study information over time, and which questions were most likely
to be answered correctly and incorrectly.
Methods
IPT Trial
Recruitment for the IPT trial took place from 2004 through
2006. In December 2006, the investigators amended the study
protocol such that the comprehension test was re-administered to
study subjects every 6 months throughout the remainder of their
time in the trial, allowing investigators to measure participants’
understanding of the study over time. Participants were not
removed from the study at this stage if a passing score ($16/20
correct responses) was not obtained, but nurses reviewed relevant
information with participants, allowing reinforcement of informa-
tion that had been either forgotten or misunderstood. As the
decision to re-administer the quiz every 6 months was made 2
years after enrollment began, participants who enrolled in 2004
received their first follow-up quiz about 2 years into the study (and
subsequently at months 30 and 36). Subjects who first enrolled in
2006 were re-quizzed every 6 months after enrollment, for a total
of up to 6 quizzes.
Data collection
Data for this study consisted of all available enrollment and
follow-up quizzes from participants in the IPT trial. Data were
abstracted from the hard copy paper quizzes in July 2008 from the
2 study sites in Gaborone and Francistown, Botswana, and were
entered into a Microsoft Access database. Original paper quizzes
had no participant-identifying information and had been labeled
with a participant identification number (ID) and housed in locked
warehouses. Data abstracted included variables present on the
comprehension quiz: participant ID; day, month, and year that
the quiz was administered; answers the participant gave for each of
the 20 true/false quiz items; and language of administration
(English or Setswana).
Quality assurance was carried out for the quizzes from a
randomly selected 12% of the participant IDs following data
collection. The entry of their quizzes into the Access database was
checked for accuracy against the original paper quizzes and
inconsistencies were corrected.
Electronic data files were transported to the Johns Hopkins
Berman Institute of Bioethics for analysis. The Access database
was converted to a STATA file using Stat Transfer. Data were
analyzed using STATA 10.
Additional data, including demographic variables of study
participants, were obtained from the study team and linked with
quiz data. Subjects whose enrollment date did not match the date
of the enrollment quiz in the original dataset within a window of
30 days were eliminated from the dataset.
Variables
A quiz number (1–6) was assigned to the quizzes for each
participant ID, with the enrollment quiz always being quiz 1. An
indicator was created for participants who had 2 baseline quizzes,
as this signified that the participant was reported to have failed the
first enrollment quiz and was therefore given the enrollment quiz
twice. An indicator was created for each question so that we could
identify which questions were answered correctly, incorrectly, or
left blank, and an additional variable was created to sum the
number of questions answered correctly. Variables were created to
determine the time since the enrollment quiz and the time since
the previous quiz.
To ensure accurate interpretation of quiz items we asked 8
individuals who were unrelated to the trial and who were fluent in
both English and Setswana to independently review and back-
translate 4 of the Setswana quiz questions that were suspected to
have been incorrectly translated into Setswana after the quiz
analysis began.
Analysis
Bivariate and adjusted logistic regression analyses were
performed for the enrollment quizzes to determine associations
Assessments of Informed Consent Comprehension
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as well as the likelihood of answering specific questions correctly at
enrollment. These logistic regression analyses were also performed
for the entire longitudinal dataset.
Bivariate analyses were performed to determine the odds of
passing each follow up quiz compared with the enrollment quiz
and compared with the previous quiz, as well as the odds of
passing a quiz by the interval since the last quiz.
Ethical Review
The Botswana IPT Trial was approved by the Botswana
Ministry of Health ethics committee and the CDC institutional
review board. This secondary analysis of comprehension quiz data
was approved by the Johns Hopkins Bloomberg School of Public
Health IRB and the Botswana ethics committee and CDC




From 2004 to 2006, 4,018 individuals agreed to screening for
the IPT trial. Of 1,860 individuals deemed ineligible for
participation, 25 were ineligible because they failed the compre-
hension quiz twice. A total of 1,995 participants were enrolled in
the IPT trial [43]. Of the 1,995 IPT trial participants, 1,971 had at
least one quiz available for data entry; a total of 5,882 baseline and
follow-up quizzes were entered into the database. The quizzes of
136 participants were excluded from analysis because their
enrollment dates did not match those in the study database, and
163 quizzes were excluded because they were not dated.
Additionally, during the 3-year period of observation, 176, 77,
46 and 11 participants voluntarily withdrew from the study, died,
attended study visits less than every 6 months on average or were
lost to follow-up, respectively. The final dataset contained 5,555
quizzes from 1,835 participant IDs. Of these, 33% had only an
enrollment quiz, while less than 2% of participants had more than
5 total quizzes (Table 1).
Quality assurance
A total of 495 randomly selected quizzes for 233 participants
were checked against the original paper quizzes. Six data entry
errors were detected, resulting in an error rate of less than 0.05%.
Descriptive data
The demographic characteristics of the study population are
displayed in Table 2. The study population was largely female
(72%), the median age was 33 years, and 32% were unemployed.
Sixty-five percent had received at least a secondary education,
28% had received no more than a primary education, 9% had
received education beyond the secondary level and 8% had no
formal education.
At enrollment, 47% of quizzes were taken in Setswana,
although longitudinally 66% of all quizzes were taken in Setswana.
Participants did not remain consistent in their choice of language
for quiz administration; of the participants who had more than 1
Table 1. Number of comprehension quizzes completed by





nd attempt, enrollment 96 2
Quiz 2 1,436 26
Quiz 3 1,306 24
Quiz 4 853 15
Quiz 5 28 ,1
Quiz 6 1 ,1
Total 5,555 100
Comprehension quizzes were administered at screening for enrolment (Quiz 1)
and then every 6 months for a period of 36 months. However because not all
participants were administered all quizzes, ‘‘Quiz 2’’ – for instance – refers to the
second quiz taken regardless of the time elapsed since Quiz 1.
doi:10.1371/journal.pone.0022696.t001
Table 2. Characteristics of participants of the isoniazid
tuberculosis preventive therapy trial for whom

















Administrator, Professional 156 8
Clerk, Technician 108 6
Service Worker, Sales 301 16
Crafts, Trades, Assemblers 107 6
Skilled Agricultural 5 0.3
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and 37% took all of their quizzes in Setswana. More than half
switched their quiz language preference throughout the trial.
Comprehension quiz scores
The final data set included enrollment quizzes from 1,835
participants. The overall median score at enrollment was 17
correct responses from among 20 true/false questions. At
enrollment, 1,475 participants (80%) passed on the first attempt,
and 342 (19%) failed initially but then passed on their second
attempt (the remainder did not have a score recorded). The
median score for those who failed on their first attempt was 15.
There was a decrease in the proportion of participants who
received a passing score for quiz 2 (63%). The odds of passing quiz
2 were significantly lower compared to quiz 1 (OR=0.4 [0.4,
0.5]). The proportion of participants passing the comprehension
quizzes rose following quiz 2; however the odds of passing
remained lower than those of passing quiz 1 for all except quiz 5,
for which the odds was not statistically significantly different than
quiz 1 (Table 3).
Passing over time
The proportion and odds of passing a repeat comprehension
quiz by time since the last quiz (months) are displayed in Table 3.
Of the participants with a score recorded, the proportion of
participants passing quizzes dropped from 69% when the quiz was
administered 1–6 months following the previous quiz to 65% at 7–
12 months and 61% at 13–18 months. The proportion rose at 19–
24 months and greater than 24 months. The odds of passing
compared to 1–6 months were not statistically significant at any of
these times.
Associations with Passing/Failing Comprehension
Quizzes
Higher rates of passing were significantly associated with higher
educational attainment. Table 4 shows the proportion of
participants passing the enrollment quiz by highest level of
education as well as the odds of passing compared with no formal
education. Those with secondary or tertiary education were
significantly more likely to pass than those with no formal
education. Participants over the median age of 33 had a lower
odds of passing the enrollment quiz compared with those age 33
and younger (OR=0.7 [0.5, 0.8]). Passing was not associated with
sex at enrollment (OR=1.1 [0.8, 1.4]).
Participants with higher education were more likely to take the
quizzes in English than those with lower education (Table 4).
Moreover, participants who took the quiz in English were more
likely to pass all quizzes than those who took the quiz in Setswana
(Table 5). The adjusted odds ratio indicated that individuals who
took the quiz in English were more likely to pass regardless of
highest level of education. Those with greater than primary
education were grouped together to conduct adjusted odds ratios.
Moreover, those with higher levels of education were more likely
to pass regardless of the language in which the quiz was taken
(Table 5).
Participants who failed quiz 1 on their initial attempt and then
passed on their second attempt (n=342), were more likely to fail
quiz 2 (93/251, OR 0.4, 95%CI0.3–0.5), quiz 3 (81/226, OR 0.4,
95%CI0.3–0.6), and quiz 4 (42/136, OR 0.5, 95%CI0.4–0.8) than
participants who passed quiz 1 on their first attempt.
Translation Reassessment
The translation reassessment conducted in the analysis phase
revealed discrepancies in how 4 of the 20 questions had been
translated. Notably, the eight new translators unanimously agreed
that question 9, ‘‘By taking the medicine I have a very small
chance of having damage to my liver,’’ was originally translated
into Setswana as ‘‘This medication will help protect my liver.’’
This error changed the correct answer from true to false for those
who took the quiz in Setswana. Subsequently, all data presented in
this manuscript were adjusted to take into account which quiz
response should be counted as correct. Additionally, 5 of the 8
translators back-translated the phrase ‘‘sugar pill’’ in questions 2
and 18 as ‘‘diabetes pill.’’ As there was some disagreement among
the translators, the data were not adjusted.
Response to specific quiz questions
Table 6 shows the rates of correct and incorrect answers at
enrollment for each question, as well as the odds of those
Table 3. Odds of passing comprehension quizzes 1–5 compared to quiz 1 & previous quiz; odds of passing comprehension
quizzes 1–5 by time since last quiz (months).
Quiz number
Quiz 1 Quiz 2 Quiz 3 Quiz 4 Quiz 5
n=1817 n=1418 n=1298 n=848 n=28
Proportion passing 80% 63% 72% 76% 86%
OR (95% CI) compared
to Quiz 1
0.4 (0.4, 0.5) 0.6 (0.5, 0.7) 0.7 (0.6, 0.9) 1.4 (0.5, 4.0)
OR (95% CI) compared
to previous quiz
0.4 (0.4, 0.5) 1.5 (1.2, 1.7) 1.2 (1.0, 1.5) 1.9 (0.6, 5.5)
Months since last quiz
1–6 7–12 13–18 19–24 .24
n=166 n=683 n=440 n=562 n=1742
Proportion passing 69% 65% 61% 69% 75%
OR (95% CI) compared
to 1–6 months
0.8 (0.6, 1.2) 0.7 (0.5, 1.1) 1.0 (0.7, 1.5) 1.3 (0.9, 1.9)
doi:10.1371/journal.pone.0022696.t003
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answering in Setswana. Over 90% of participants responded
correctly to questions that related to study purpose and
procedures. Twenty-three to 56% of participants answered
questions related to placebos/blinding, adherence, and risks
incorrectly. While participants who took the quiz in English were
more likely to answer many questions correctly than those who
took the quiz in Setswana, notably, those who took the quiz in
English were not more likely to answer the questions regarding
placebos correctly more frequently than those who took the quiz in
Setswana.
Across the entire dataset, questions related to study procedures
were most likely to be answered correctly, whereas questions
related to randomization, placebos, adherence, or risks were most
likely to be answered incorrectly (Table 7).
Likelihood of answering specific quiz questions correctly
at follow-up compared to enrollment
Table 8 shows the odds of answering each question correctly
compared with the enrollment quiz for quizzes 2–5. Participants
had greater odds of answering correctly questions related to
compensation (Q11), procedural questions related to providing a
urine sample and having a blood test (Q13, Q14), and the effect
that becoming ill with AIDS would have on participation (Q15).
Participants had lower odds of answering correctly questions
related to purpose (Q1, Q20), the procedural question related to
having an x-ray (Q5), questions related to risks of someone finding
out that the participant was HIV+ (Q8), having damage to the
liver (Q9), and the possibility of becoming nauseated (Q16). Least
likely to be correct was the question related to placebos (Q18).
Discussion
This study measured comprehension among 1,835 adults in
Botswana recruited for a longitudinal TB prevention trial through
repeated administration of a quiz to test participants’ comprehen-
sion of key study concepts. Participants who had a higher
education or took the quizzes in English rather than Setswana
demonstrated better comprehension. We also observed that
repetition of the quiz during the 2-year period improved
comprehension and that a significant proportion of participants
had difficulty responding correctly to questions about placebo,
randomization, and adverse events.
Having had more years of education was associated with higher
rates of passing, both at enrollment and during follow-up. These
data reinforce findings of many other studies that higher levels of
education are associated with higher levels of understanding of
medical research [10,44–47]. Although the mother tongue of over
90% of the participants was Setswana (data not shown), preferring
to take the quiz in English was associated with higher rates of
passing at enrollment and follow-up. Individuals who took the quiz
in English were more likely to pass regardless of highest level of
education, and those with higher levels of education were more
likely to pass regardless of the language in which the quiz was
taken. There was also an association between language and
educational attainment – those who chose to take the quiz in
English had higher levels of education, on average, than those who
chose to take the quiz in Setswana.
Table 4. Odds of passing quiz 1 by highest level of education; odds of taking quiz 1 in English by highest level of education.
Highest level of education
1
None Primary Secondary Tertiary
n=117 n=509 n=1021 n=162
Proportion passing at enrollment 73% 76% 83% 89%
OR (95% CI) compared to no education 1.2 (0.8, 1.9) 1.9 (1.2, 2.9) 3.0 (1.6, 5.7)
Proportion taking enrollment quiz in English
2 43% 43% 54% 78%
OR (95% CI) taking quiz in English compared to no formal
education
1.0 (0.7, 1.5) 1.6 (1.1, 2.4) 4.9 (2.9, 8.2)
OR (95% CI) taking quiz in English compared to previous level 1.0 (0.7, 1.5) 1.6 (1.3, 2.0) 3.0 (2.0, 4.5)
1Level of education coded as ‘‘Other’’ not included.
2Only records with score recorded included.
doi:10.1371/journal.pone.0022696.t004
Table 5. Unadjusted and adjusted odds of passing quizzes 1–
5 by language and education.




English 3.3 (2.5, 4.2) 3.1 (2.4, 4.0)
.primary education 1.7 (1.4, 2.2) 1.5 (1.2, 1.9)
Quiz 2 (n=1412)
English 1.5 (1.1, 1.9) 1.3 (1.0, 1.7)
.primary education 1.5 (1.2, 1.8) 1.4 (1.1, 1.7)
Quiz 3 (n=1293)
English 1.9 (1.4, 2.6) 1.4 (1.0, 2.0)
.primary education 2.4 (1.9, 3.1) 2.2 (1.7, 2.9)
Quiz 4 (n=846)
English 2.4 (1.6, 3.6) 1.4 (1.0, 2.0)
.primary education 2.8 (2.0, 3.8) 2.2 (1.7, 2.9)
Quiz 5 (n=22)
English ‘‘
.primary education 3 (0.3, 26.2) 2 (0.2, 17.9)
Odds ratios (OR) shown compare quiz results of those quizzes taken in English
to those quizzes taken in Setswana and compare participants who had greater
than primary education to those who had either only primary education or no
formal education.
1Only participants with a score, language, and level of education included;
participants with a level of education coded as ‘‘other’’ not included.
doi:10.1371/journal.pone.0022696.t005
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tended to answer questions correctly that related to study purpose
and procedures, while some questions related to randomization,
placebos, risks, and voluntariness were answered correctly less
than 70% of the time. While it is troubling that these particular
issues were problematic with respect to informed consent, it is
consistent with literature demonstrating that these items are
particularly likely to be misunderstood among subjects in both the
developed and developing world [1,3–5,20].
Various investigators have tested mechanisms to improve how
study information is delivered to participants with mixed results
[20,48–52]. Consent interventions that include more discussion
Table 6. Proportion of participants answering comprehension quiz 1 questions 1–20 correctly (English & Setswana); Odds of
answering correctly if quiz taken in English.
Comprehension Question Category English (n=969) Setswana (n=866) OR (95% CI)
Correct Incorrect Blank Correct Incorrect Blank
Q1 ‘‘This study is about preventing
tuberculosis in people living with
HIV/AIDS’’
Purpose 97% 1% 2% 90% 10% ,1% 18.0 (7.9, 41.5)
Q2 ‘‘I will know whether I am
taking a sugar pill’’
Placebo, Blinding 64% 34% 3% 65% 35% ,1% 1.03 (0.85, 1.3)
Q3 ‘‘This study will last for 3 years’’ Procedures 97% 1% 2% 96% 4% 0% 6.03 (2.5, 14.5)
Q4 ‘‘Ten teaspoons of blood will be
taken from my arm’’
Procedures 81% 16% 4% 66% 33% 1% 2.6 (2.08, 3.25)
Q5 ‘‘I will have a chest x-ray done’’ Procedures 97% ,1% 2% 100% ,1% 0% 0.55 (0.1, 2.98)
Q6 ‘‘I must continue taking the




77% 19% 3% 69% 30% 1% 1.72 (1.39,
2.14)
Q7 ‘‘I will no longer receive study
medication if I stop taking the
medication’’
Adherence 65% 30% 5% 44% 56% 1% 2.79 (2.3, 3.38)
Q8 ‘‘There is almost no chance that
someone will find out I am HIV
infected’’
Risks 85% 12% 3% 94% 6% 0% 0.43 (0.31,
0.61)
Q9 ‘‘By taking the medicine I have
a very small chance of having
damage
to my liver’’
Risks 81% 16% 3% 45% 54% 1% 6.0 (4.83, 7.46)
Q10 ‘‘I will be seen by a doctor or
nurse each time I return for a visit’’
Procedures 96% 2% 2% 98% 2% ,1% 0.86 (0.46, 1.6)
Q11 ‘‘I will not receive compensation
for transport costs to come to the
clinic’’
Compensation 89% 9% 2% 89% 11% ,1% 1.15 (0.85,
1.57)
Q12 ‘‘I can refuse to continue in the
study at any time’’
Voluntariness 77% 21% 2% 76% 24% 0% 1.12 (0.9, 1.39)
Q13 ‘‘I must give a urine sample at
each visit’’
Procedures 77% 20% 3% 86% 14% ,1% 0.61 (0.48,
0.79)
Q14 ‘‘My blood will be tested for
possible liver damage by the study
medication’’
Procedures, Risks 89% 9% 2% 93% 7% ,1% 0.71 (0.51, 1.0)
Q15 ‘‘If I become ill with AIDS I will
no longer be in the study’’
Procedures 74% 23% 3% 77% 22% ,1% 0.96 (0.77,
1.19)
Q16 ‘‘The isoniazid may make me
sick by making me feel nauseated’’
Risks 90% 8% 2% 87% 13% ,1% 1.61 (1.18,
2.18)
Q17 ‘‘Currently the Botswana
government recommends one year
of isoniazid preventive treatment for
people living with HIV/AIDS’’
Background 87% 11% 2% 84% 16% ,1% 1.55 (1.18,
2.03)
Q18 ‘‘A placebo is a sugar pill’’ Placebo 78% 19% 3% 82% 18% ,1% 0.89 (0.7, 1.13)
Q19 ‘‘If I think I am hurt by this
study I should contact the police
station in Gaborone’’
Risks 94% 4% 3% 94% 6% 0% 1.66 (1.08,
2.54)
Q20 ‘‘This study will help people
living with HIV/AIDS by finding out
if longer preventive treatment with
isoniazid will prevent TB’’
Purpose 96% 1% 2% 98% 2% 0% 1.65 (0.84,
3.27)
doi:10.1371/journal.pone.0022696.t006
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answering correctly if quiz taken in English.
Comprehension Question Category English (n=969) Setswana (n=866) OR (95% CI)
Correct Incorrect Blank Correct Incorrect Blank
Q1 ‘‘This study is about
preventing tuberculosis in
people living with HIV/AIDS’’
Purpose 97% 1% 2% 85% 15% ,1% 21.81(13.01, 36.54)
Q2 ‘‘I will know whether I am
taking a sugar pill’’
Placebo, Blinding 68& 29% 3% 64% 36% 1% 1.28 (1.14, 1.46)
Q3 ‘‘This study will last for 3
years’’
Procedures 97% 1% 2% 96% 4% ,1% 3.73 (2.3, 6.05)
Q4 ‘‘Ten teaspoons of blood
will be taken from my arm’’
Procedures 80% 17% 4% 71% 28% 1% 1.89 (1.64, 2.18)
Q5 ‘‘I will have a chest x-ray
done’’
Procedures 94% 3% 3% 97% 3% ,1% 0.91 (0.66, 1.26)
Q6 ‘‘I must continue taking
the medicine even if the
medication makes me ill’’
Procedures,
Voluntariness
80% 17% 3% 75% 24% 1% 1.53 (1.33, 1.76)
Q7 ‘‘I will no longer receive
study medication if I stop
taking the medication’’
Adherence 57% 40% 4% 54% 46% 1% 1.21 (1.08, 1.36)
Q8 ‘‘There is almost no chance
that someone will find out I
am HIV infected’’
Risks 82% 15% 3% 90% 9% ,1% 0.56 (0.48, 0.67)
Q9 ‘‘By taking the medicine I
have a very small chance of
having damage to my liver’’
Risks 73% 25% 3% 46% 53% 1% 3.45 (3.05, 3.91)
Q10 ‘‘I will be seen by a
doctor or nurse each time
I return for a visit’’
Procedures 95% 3% 2% 97% 3% ,1% 0.95 (0.69, 1.33)
Q11 ‘‘I will not receive
compensation for transport
costs to come to the clinic’’
Compensation 90% 8% 2% 91% 8% 1% 0.99 (0.8, 1.21)
Q12 ‘‘I can refuse to continue
in the study at any time’’
Voluntariness 75% 23% 2% 74% 25% ,1% 1.14 (0.99, 1.29)
Q13 ‘‘I must give a urine
sample at each visit’’
Procedures 85% 12% 3% 92% 8% ,1% 0.58 (0.49, 0.7)
Q14 ‘‘My blood will be
tested for possible liver
damage by the study
medication’’
Procedures, Risks 91% 7% 2% 95% 4% ,1% 0.58 (0.46, 0.74)
Q15 ‘‘If I become ill with
AIDS I will no longer be in
the study’’
Procedures 80% 17% 3% 87% 12% ,1% 0.69 (0.59, 0.8)
Q16 ‘‘The isoniazid may make
me sick by making me feel
nauseated’’
Risks 77% 21% 3% 79% 21% ,1% 0.99 (0.87, 1.14)
Q17 ‘‘Currently the Botswana
government recommends one
year of isoniazid preventive
treatment for people living
with HIV/AIDS’’
Background 84% 14% 2% 82% 18% ,1% 1.34 (1.15, 1.57)
Q18 ‘‘A placebo is a sugar pill’’ Placebo 75% 22% 3% 66% 32% 1% 1.65 (1.45, 1.88)
Q19 ‘‘If I think I am hurt by
this study I should contact the
police station in Gaborone’’
Risks 94% 3% 3% 93% 7% ,1% 2.25 (1.68, 3.0)
Q20 ‘‘This study will help
people living with HIV/AIDS by
finding out if longer preventive
treatment with isoniazid will
prevent TB’’
Purpose 96% 2% 2% 93% 7% ,1% 4.46 (3.06, 6.51)
doi:10.1371/journal.pone.0022696.t007
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information [45,53–55]. With regard to randomization in
particular, there is evidence to suggest that providing explanations
as to why subjects are being randomized (and not just how)
improves subjects’ understanding [8].
Quiz 2 was administered at 6 months after enrolment to a
minority of participants: the range in the time since the
enrolment quiz when quiz 2 was administered was broad. This
heterogeneous timing of quiz 2’s administration combined scores
of participants who had taken the quiz 6 months previously with
some who had received it years before and may have forgotten
certain elements. In addition to this limitation, the observation
that repeated quizzes improved comprehension may represent
survivor bias: those who understood the study requirements may
have been more likely to remain enrolled than those who did not.
A further word of caution is that since there were only 20
comprehension questions, missing just two questions resulted in a
10% lower score, and although such a drop may have been
determined to be a statistically significant decline, it may have not
been meaningful with respect to actual comprehension. Future
work might determine which subsets of quiz questions were
considered by investigators to be particularly critical to
participant understanding and examine trends in correctly
answering these questions over time.
Back-translation of several items from the Setswana version of
the quiz revealed discrepancies between the Setswana and English
versions. While we adjusted what counted as a correct answer to
correspond to the accurate meaning of one particular question,
this likely introduced some confusion, particularly for the 53%
who took the quiz in different languages on different study visits.
Confusion may have been most acute for the items related to
placebo. Specifically, 5 of 8 of our post-study translators reported
that the phrase ‘‘sugar pill’’ from the Setswana quiz could be
understood colloquially as ‘‘diabetes pill’’ because, according to
the translators, in vernacular Setswana the term for ‘‘sugar’’ and
‘‘diabetes’’ is medically the same [56]. Translators further
suggested that the meaning of the phrase is influenced by context;
as the study was not about diabetes but TB prevention it should
Table 8. Odds of answering comprehension quiz questions 1–20 correctly at Quizzes 2–5 compared to enrollment quiz.
Comprehension Question
Quiz 2 OR (95% CI)
(n=1417)
Quiz 3 OR (95% CI)
(n=1298)
Quiz 4 OR (95% CI)
(n=848)
Quiz 5 OR (95% CI)
(n=28)
Q1 ‘‘This study is about preventing tuberculosis in
people living with HIV/AIDS’’
0.4 (0.3, 0.6) 0.3 (0.3, 0.5) 0.3 (0.3, 0.4) 0.3 (0.1, 1.0)
Q2 ‘‘I will know whether I am taking a sugar pill’’ 1.0 (0.9, 1.2) 1.1 (0.9, 1.2) 1.1 (0.9, 1.3) 2.0 (0.8, 4.9)
Q3 ‘‘This study will last for 3 years’’ 0.6 (0.4, 0.9) 0.7 (0.4, 1.0) 0.8 (0.5, 1.4) ‘
Q4 ‘‘Ten teaspoons of blood will be taken from my arm’’ 0.9 (0.7, 1.0) 1.0 (0.8, 1.2) 1.1 (0.9, 1.4) 2.7 (0.8, 9.0)
Q5 ‘‘I will have a chest x-ray done’’ 0.1 (0.04, 0.2) 0.1 (0.02, 0.1) 0.1 (0.02, 0.2) 0.1 (0.01, 0.8)
Q6 ‘‘I must continue taking the medicine even if the
medication makes me ill’’
0.9 (0.8, 1.0) 1.5 (1.2, 1.7) 1.8 (1.5, 2.3) 2.0 (0.7, 5.7)
Q7 ‘‘I will no longer receive study medication if I stop
taking the medication’’
0.7 (0.6, 0.8) 1.0 (0.9, 1.2) 1.4 (1.2, 1.6) 0.9 (0.4, 1.9)
Q8 ‘‘There is almost no chance that someone will find
out I am HIV infected’’
0.7 (0.6, 0.9) 0.7 (0.6, 0.9) 0.8 (0.6, 1.1) 0.9 (0.3, 3.0)
Q9 ‘‘By taking the medicine I have a very small chance
of having damage to my liver’’
0.5 (0.4, 0.6) 0.6 (0.5, 0.7) 0.6 (0.5, 0.8) 0.7 (0.3, 1.5)
Q10 ‘‘I will be seen by a doctor or nurse each time I
return for a visit’’
0.6 (0.4, 0.9) 0.7 (0.4, 1.0) 0.9 (0.5, 1.5) ‘
Q11 ‘‘I will not receive compensation for transport
costs to come to the clinic’’
1.3 (1.0, 1.7) 1.4 (1.1, 1.9) 1.8 (1.3, 2.5) ‘
Q12 ‘‘I can refuse to continue in the study at any time’’ 0.6 (0.5, 0.7) 0.9 (0.8, 1.1) 1.2 (0.9, 1.4) 0.9 (0.4, 2.1)
Q13 ‘‘I must give a urine sample at each visit’’ 3.4 (2.6, 4.4) 4.3 (3.2, 5.7) 3.8 (2.7, 5.2) 2.8 (0.7, 11.7)
Q14 ‘‘My blood will be tested for possible liver damage
by the study medication’’
1.7 (1.3, 2.3) 2.7 (1.9, 3.8) 3.6 (2.2, 5.7) ‘
Q15 ‘‘If I become ill with AIDS I will no longer be
in the study’’
2.5 (2.1, 3.1) 2.7 (2.2, 3.3) 3.6 (2.7, 4.8) 8.0 (1.1, 59.0)
Q16 ‘‘The isoniazid may make me sick by making me
feel nauseated’’
0.3 (0.2, 0.3) 0.4 (0.3, 0.4) 0.4 (0.3, 0.5) 0.4 (0.2, 1.1)
Q17 ‘‘Currently the Botswana government recommends
one year of isoniazid preventive treatment for people living
with HIV/AIDS’’
0.7 (0.6, 0.8) 0.7 (0.6, 0.9) 0.8 (0.6, 1.0) 0.9 (0.3, 2.7)
Q18 ‘‘A placebo is a sugar pill’’ 0.4 (0.3, 0.5) 0.5 (0.4, 0.5) 0.5 (0.4, 0.6) 0.5 (0.2, 1.1)
Q19 ‘‘If I think I am hurt by this study I should contact the
police station in Gaborone’’
0.8 (0.6, 1.0) 1.0 (0.7, 1.3) 0.9 (0.6, 1.2) ‘
Q20 ‘‘This study will help people living with HIV/AIDS by
finding out if longer preventive treatment with isoniazid
will prevent TB’’
0.3 (0.2, 0.5) 0.3 (0.2, 0.4) 0.2 (0.1, 0.3) 0.3 (0.1, 1.1)
doi:10.1371/journal.pone.0022696.t008
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took the quiz in English responded incorrectly to quiz items related
to placebos suggests that placebo remains a difficult concept to
understand, regardless of language [5,57,58].
This discrepancy highlights the challenge of creating consent
documents and other study materials in multiple languages.
Presenting study information clearly is difficult in one’s native
language; accurately translating what are sometimes abstract or
unusual concepts (such as randomization) has been consistently
documented as problematic in international research [59–64].
True/false quizzes are an imperfect means of measuring
understanding, as they allow participants to guess answers as well
as to repeat back what they heard, whether or not they understood
it. Research has demonstrated that asking participants to voice, in
their own words, their understanding of research more thoroughly
reveals what subjects understand [48,65]. At the same time, the
current standard is for no comprehension assessment to be
conducted whatsoever, despite understanding being one of the
four core elements of valid informed consent [66]. As such,
conducting any type of assessment, including a quiz, is a significant
step toward honoring this core tenet of consent.
Conclusion
This study demonstrated that participants in a large 3-year
clinical trial in Africa generally understood key study information.
Importantly, it also demonstrated that administration of a quiz
both at enrollment and follow-up was feasible and served as a
useful means of determining whether subjects had sufficient
information to enroll in the trial. Participants’ understanding of
information decreased slightly following enrollment, but the rate of
passing improved following the first re-assessment, suggesting that
providing quizzes over the course of an ongoing clinical trial may
reinforce key study information. Assessments of understanding
should be incorporated into future research, particularly in
relation to topics that may be less familiar to research participants.
Author Contributions
Conceived and designed the experiments: TS NEK. Performed the
experiments: TS BC UM. Analyzed the data: LHC. Wrote the paper:
LHC NEK TS.
References
1. Joffe S, Cook EF, Cleary PD, Clark JW, Weeks JC (2001) Quality of informed
consent in cancer clinical trials: A cross-sectional survey. Lancet 358(9295):
1772–1777.
2. Joffe S, Cook EF, Cleary PD, Clark JW, Weeks JC (2001) Quality of informed
consent: A new measure of understanding among research subjects. J Natl
Cancer Inst 93(2): 139–147.
3. Krosin MT, Klitzman R, Levin B, Cheng J, Ranney ML (2006) Problems in
comprehension of informed consent in rural and peri-urban mali, west africa.
Clinical Trials 3(3): 306–313.
4. Taiwo OO, Kass N (2009) Post-consent assessment of dental subjects’
understanding of informed consent in oral health research in nigeria. BMC
Med Ethics 10: 11.
5. Hill Z, Tawiah-Agyemang C, Odei-Danso S, Kirkwood B (2008) Informed
consent in ghana: What do participants really understand? Journal of Medical
Ethics 34(1): 48–53.
6. Kodish E, Eder M, Noll R, Ruccione K, Lange B, et al. (2004) Communication
of randomization in childhood leukemia trials. JAMA 291(4): 470–475.
7. Appelbaum PS, Roth LH, Lidz CW, Benson P, Winslade W (1987) False hopes
and best data: Consent to research and the therapeutic misconception. Hastings
Cent Rep 17(2): 20–24.
8. Robinson EJ, Kerr CE, Stevens AJ, Lilford RJ, Braunholtz DA, et al. (2005) Lay
public’s understanding of equipoise and randomisation in randomised controlled
trials. Health Technol Assess 9(8): 1–192, iii– iv.
9. Dunn LB, Palmer BW, Keehan M (2006) Understanding of placebo controls
among older people with schizophrenia. Schizophr Bull 32(1): 137–146.
10. Cassileth BR, Zupkis RV, Sutton-Smith K, March V (1980) Informed consent –
why are its goals imperfectly realized? N Engl J Med 302(16): 896–900.
11. Fortun P, West J, Chalkley L, Shonde A, Hawkey C (2008) Recall of informed
consent information by healthy volunteers in clinical trials. QJM 101(8):
625–629.
12. Daugherty CK, Banik DM, Janish L, Ratain MJ (2000) Quantitative analysis of
ethical issues in phase I trials: A survey interview of 144 advanced cancer
patients. IRB 22(3): 6–14.
13. Cheng JD, Hitt J, Koczwara B, Schulman KA, Burnett CB, et al. (2000) Impact
of quality of life on patient expectations regarding phase I clinical trials. J Clin
Oncol 18(2): 421–428.
14. Tomamichel M, Jaime H, Degrate A, de Jong J, Pagani O, et al. (2000)
Proposing phase I studies: Patients’, relatives’, nurses’ and specialists’
perceptions. Ann Oncol 11(3): 289–294.
15. Mason SA, Allmark PJ (2000) Obtaining informed consent to neonatal
randomised controlled trials: Interviews with parents and clinicians in the
euricon study. The Lancet 356(9247): 2045–2051.
16. Harth SC, Thong YH (1995) Parental perceptions and attitudes about informed
consent in clinical research involving children. Soc Sci Med 40(11): 1573–7.
17. Penman DT, Holland JC, Bahna GF, Morrow G, Schmale AH, et al. (1984)
Informed consent for investigational chemotherapy: Patients’ and physicians’
perceptions. J Clin Oncol 2(7): 849–855.
18. Lynoe N, Sandlund M, Dahlqvist G, Jacobsson L (1991) Informed consent:
Study of quality of information given to participants in a clinical trial. BMJ
303(6803): 610–613.
19. Riecken HW, Ravich R (1982) Informed consent to biomedical research in
veterans administration hospitals. Journal of the American Medical Association
248(3): 344–348. May 4, 2011.
20. Falagas ME, Korbila IP, Giannopoulou KP, Kondilis BK, Peppas G (2009)
Informed consent: How much and what do patients understand? Am J Surg
198(3): 420–435.
21. Berger O, Gronberg BH, Sand K, Kaasa S, Loge JH (2008) The length of
consent documents in oncological trials is doubled in twenty years. Ann Oncol.
22. Paasche-Orlow MK, Taylor HA, Brancati FL (2003) Readability standards for
informed-consent forms as compared with actual readability. N Engl J Med
348(8): 721–726.
23. Beardsley E, Jefford M, Mileshkin L (2007) Longer consent forms for clinical
trials compromise patient understanding: So why are they lengthening? J Clin
Oncol 25(9): e13–4.
24. Christopher PP, Foti ME, Roy-Bujnowski K, Appelbaum PS (2007) Consent
form readability and educational levels of potential participants in mental health
research. Psychiatr Serv 58(2): 227–232.
25. Tindana PO, Kass N, Akweongo P (2006) The informed consent process in a
rural african setting: A case study of the kassena nankana district of northern
ghana. IRB: Ethics & Human Research 28(3): 1–6.
26. Minnies D, Hawkridge T, Hanekom W, Ehrlich R, London L, et al. (2008)
Evaluation of the quality of informed consent in a vaccine field trial in a
developing country setting. BMC Medical Ethics 9(1): 15.
27. Jegede AS (2009) Understanding informed consent for participation in
international health research. Dev World Bioeth 9(2): 81–87.
28. Lansimies-Antikainen H, Laitinen T, Rauramaa R, Pietila AM (2009)
Evaluation of informed consent in health research: A questionnaire survey.
Scand J Caring Sci.
29. Prentice KJ, Appelbaum PS, Conley RR, Carpenter WT (2007) Maintaining
informed consent validity during lengthy research protocols. IRB 29(6): 1–6.
30. Olver IN, Buchanan L, Laidlaw C, Poulton G (1995) The adequacy of consent
forms for informing patients entering oncological clinical trials. Ann Oncol 6(9):
867–870.
31. Bergler JH, Pennington AC, Metcalfe M, Freis ED (1980) Informed consent:
How much does the patient understand? Clinical Pharmacology and
Therapeutics 27(4): 435–440. May 4, 2011.
32. CIOMS (2002) International ethical guidelines for biomedical research involving
human subjects.
33. Council for International Organizations of Medical Sciences (CIOMS), World
Health Organization (WHO) (2002) International ethical guidelines for
biomedical research involving human subjects.
34. Agard A (2005) Informed consent: Theory versus practice. Nat Clin Pract
Cardiovasc Med 2(6): 270–271.
35. Wendler D (2004) Can we ensure that all research subjects give valid consent?
Arch Intern Med 164: 2201–2204.
36. McGrath JW, George K, Svilar G, Ihler E, Mafigiri D, et al. (2001) Knowledge
about vaccine trials and willingness to participate in an HIV/AIDS vaccine
study in the ugandan military. JAIDS 27(4): 381–388.
37. Dormandy E, Tsui EYL, Marteau TM (2007) Development of a measure of
informed choice suitable for use in low literacy populations. Patient Educ Couns
66(3): 278–295.
38. Harrison K, Vlahov D, Jones K, Charron K, Clements ML (1995) Medical
eligibility, comprehension of the consent process, and retention of injection drug
users recruited for an HIV vaccine trial. J Acquir Immune Defic Syndr Hum
Retrovirol 10(3): 386–390.
Assessments of Informed Consent Comprehension
PLoS ONE | www.plosone.org 9 October 2011 | Volume 6 | Issue 10 | e2269639. MacQueen KM, Vanichseni S, Kitayaporn D, Lin LS, Buavirat A, et al. (1999)
Willingness of injection drug users to participate in an HIV vaccine efficacy trial
in bangkok, thailand. J Acquir Immune Defic Syndr 21(3): 243–251.
40. McGrath JW, Mafigiri D, Kamya M, George K, Senvewo R, et al. (2001)
Developing AIDS vaccine trials educational programs in uganda. JAIDS 26(2):
176–181.
41. Howard JM, DeMets D (1981) How informed is informed consent? : The BHAT
experience. Control Clin Trials 2(4): 287–303.
42. DCCT Research Group (1989) Implementation of a multicomponent process to
obtain informed consent in the diabetes control and complications trial. Control
Clin Trials 10: 83–96.
43. Mosimaneotsile B, Mathoma A, Chengeta B, Nyirenda S, Agizew T, et al. (2010)
Isoniazid tuberculosis preventive therapy in HIV-infected adults accessing
antiretroviral therapy: A botswana experience, 2004–2006. JAIDS 54(1): 71–77.
44. Dunn LB, Jeste DV (2001) Enhancing informed consent for research and
treatment. Neuropsychopharmacology 24(6): 595–607.
45. Flory J, Emanuel E (2004) Interventions to improve research participants’
understanding in informed consent for research: A systematic review. JAMA
292(13): 1593–1601.
46. Steinke EE (2004) Research ethics, informed consent, and participant
recruitment. Clin Nurse Spec 18(2): 88–95; quiz 96–7.
47. Taub HA, Baker MT, Sturr JF (1986) Informed consent for research. effects of
readability, patient age, and education. J Am Geriatr Soc 34(8): 601–606.
48. Kripalani S, Bengtzen R, Henderson LE, Jacobson TA (2008) Clinical research
in low-literacy populations: Using teach-back to assess comprehension of
informed consent and privacy information. IRB: Ethics and Human Research
30(2): 13–19.
49. Jefford M, Moore R (2008) Improvement of informed consent and the quality of
consent documents. Lancet Oncol 9(5): 485–493.
50. Rounsaville DB, Hunkele K, Easton CJ, Nich C, Carroll KM (2008) Making
consent more informed: Preliminary results from a multiple-choice test among
probation-referred marijuana users entering a randomized clinical trial. J Am
Acad Psychiatry Law 36(3): 354–359.
51. Leroy T, Christophe V, Penel N, Antoine P, Clisant S (2009) Factual
understanding of randomized clinical trials: A multicenter case-control study
in cancer patients. Investigational New Drugs;10.1007/s10637-009-9315-8.
Available: http://www.springerlink.com/content/e701620475407744/fulltext.
pdf. Accessed 2011May 4.
52. Ridpath JR, Wiese CJ, Greene SM (2009) Looking at research consent forms
through a participant-centered lens: The PRISM readability toolkit. Am J Health
Promot 23(6): 371–375.
53. Aaronson NK, Visser-Pol E, Leenhouts GH, Muller MJ, van der Schot AC,
et al. (1996) Telephone-based nursing intervention improves the effectiveness of
the informed consent process in cancer clinical trials. J Clin Oncol 14(3):
984–996.
54. Fitzgerald DW, Marotte C, Verdier RI, Johnson WD, Jr., Pape JW (2002)
Comprehension during informed consent in a less-developed country. Lancet
360(9342): 1301–1302.
55. Kucia AM, Horowitz JD (2000) Is informed consent to clinical trials an ‘‘upside
selective’’ process in acute coronary syndromes? Am Heart J 140(1): 94–97.
56. Ndebele P (2009) Email re: Setswana-english translations. Email communica-
tion.
57. Moodley K, Pather M, Myer L (2005) Informed consent and participant
perceptions of influenza vaccine trials in south africa. J Med Ethics 31(12):
727–732.
58. Dawson L, Kass NE (2005) Views of US researchers about informed consent in
international collaborative research. Soc Sci Med 61(6): 1211–1222.
59. McCabe M, Morgan F, Curley H, Begay R, Gohdes DM (2005) The informed
consent process in a cross-cultural setting: Is the process achieving the intended
result? Ethn Dis 15(2): 300–304.
60. Marshall PA (2006) Informed consent in international health research. Journal of
Empirical Research on Human Research Ethics 1(1): 25–42.
61. Achrekar A, Shaffer N (1998) Informed consent for a clinical trial in thailand.
NEJM 339(18): 1331–1332.
62. Kass N, Hyder A (2001) Attitudes and experiences of U.S. and developing
country investigators regarding U.S. human subjects regulations. Volume II:
Commissioned Papers: B1–B189.
63. Marshall P (2001) The relevance of culture for informed consent in US - funded
international health research. In: Anonymous Ethical and Policy Issues in
Internation Research: Clinical Trials in Developing Countries. : National
Bioethics Advisory Commission . pp C-1; C-38.
64. Molyneux CS, Peshu N, Marsh K (2004) Understanding of informed consent in
a low-income setting: Three case studies from the kenyan coast. Soc Sci Med
59(12): 2547–2559.
65. Lindegger G, Milford C, Slack C, Quayle M, Xaba X, et al. (2006) Beyond the
checklist: Assessing understanding for HIV vaccine trial participants in south
africa. J Acquir Immune Defic Syndr 43(5): 560–566.
66. Faden RR, Beauchamp TL, King NMP (1986) A history and theory of informed
consent. Oxford: University Press US. 392 p.
Assessments of Informed Consent Comprehension
PLoS ONE | www.plosone.org 10 October 2011 | Volume 6 | Issue 10 | e22696